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ABSTRACT 
Failures in bathrooms are generally related to ingress of water or condensation of moisture in the construction. Failures will normally lead to drastically reduced service life and quite often renovation is comprehensive and associated with excessive costs.  
One of the most frequent causes to failures is leaks around the floor gully either because the gully is mounted incorrect or because illegal changes have been made to an existing floor gully – normally made in connection with renovation of the floor where the existing floor gully is extended to a new floor surface. Many problems are seen due to ingress of water through the extensions. Similar problems are seen around pipe penetrations in the floor.
The paper presents the Danish national rules for how floor gullies are mounted in order to achieve watertightness and gives examples on the problems experienced with illegal solutions. Further the paper presents the possibilities for approval of innovative system solutions (for so called "designer floor gullies"). For example approval of the mounting of a floor gully up against a wall. Approvals are always based on full scale testing with the purpose to simulate long term behaviour of the floor/gully by exposure to a harsh cyclic regime of water, temperatures and mechanical forces individually adjusted to the floor gully under test.  
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1	Introduction
Leaks around floor gullies and pipe penetrations can lead to expensive damages in new buildings as well as at renovation. Damages may range from discolouration of the ceiling below to deterioration of the entire floor construction.

It is customary in Denmark that the floor and the walls in bathrooms are directly exposed to the water from the shower as no shower cabins or shower trays are used. It is therefore required in the building code that all bathrooms must have at least one floor gully (all water on the floor shall be led to a floor gully), and that bathroom constructions including penetrations for pipes and floor gullies are watertight as it is expected that they are exposed to water, high relative humidity etc. 

Traditionally constructions have been made from heavy inorganic materials e.g. floors of concrete with iron beams and walls made from masonry or concrete. These types of constructions were considered to be watertight provided that they had a water repellent surface, e.g. ceramic tiles. 

Different solutions have been invented to install bathrooms in older houses which originally did not have bathrooms. Traditionally old houses have floor constructions with wooden beams which were used to support a concrete slab used as floor in the new bathroom. In recent years also lighter construction materials have been used, e.g. plywood or particle boards. The advantage is that light weight materials are cheap, easy to install and without excess water.  The drawback is a higher rate of damages resulting in reduced service life and excessive repair costs.

The type and use of floor gullies vary according to the construction. Originally floor gullies were made from cast iron embedded in the concrete floor. Later stainless steel and plastic floor gullies were introduced. All sorts of gullies are now also used in light weight constructions but they are mounted quite differently dependent on the material used for substrate and the actual floor covering. 

Experience gathered from a large number of defects found during surveys of bathrooms shows quite a few problems with watertightness of floor gullies or pipe penetrations (or rather the mounting of the pipe or gully in the floor). The problems can have different reasons but are often related to the use of a wrong type of floor gully or simply bad design or bad workmanship of details around the floor gullies and pipe penetrations.  
2	Types  of FLOOR GULLIES and Pipe penetrations
To ensure a satisfying service life for the entire construction the requirements to penetrations in the floor are generally high due to the exposure to water and the consequences of failures which are most often very severe. 
2.1	Types of floor gullies
The main types of floor gullies used are gullies for embedding in concrete and gullies for mounting in board materials. Further there are different types depending on the type of floor covering and whether a watertight membrane is required or not.

The traditional floor gully is embedded in concrete and in Denmark experience shows that a 100 mm concrete layer is sufficient to achieve watertightness (provided that the concrete is of a sufficient quality). In recent years the requirements to watertightness of the entire construction have been tightened as regards apartment houses where a supplementary watertight membrane on the floor is required. The membrane is normally attached to the gully either by applying it directly to a flange – at least 40 mm wide – on the gully or by means of a prefabricated collar either glued to the flange or attached with a clamping ring.
For constructions with board materials the flange is normally recessed into the board and mounted with screws. For board materials a watertight layer is always required; they are applied as described above. 
Resilient floor coverings – especially PVC – are often used as floor covering in bathrooms. They are always connected to the gully with a clamping ring. 

2.2 Pipe penetrations

Traditionally pipe penetrations were made by embedding the pipes in concrete. This is still a much used method but it is today supplemented with a skirting around the pipe to ensure the watertightness. For floors with board materials other types of watertightening methods are used normally including either a skirting in combination with a watertight membrane and/or a mechanical solution with O-rings of rubber ensuring the tightness, cf. Figure 1. 





Figure 1. Pipe penetration in a bathroom floor made from chip-board. The bushing is tightened by screwing the upper part to the bushing pipe which is held in place by means of a coupling-nut underneath the floor. The watertightness to the pipe and the floor respectively is achieved by rubber O-rings (1 and 2).



3  COMMON FAILURES

Failures around penetrations of pipes and floor gullies are related to ingress of water in the construction.  Failures will normally lead to reduced service life and quite often renovation is comprehensive and associated with excessive costs.  Failures are seen in all bathrooms including the traditional ones made with floor constructions in concrete etc.  However, the traditional/inorganic constructions are often more “tolerant” against small failures i.e. the consequences of small leaks are less severe and renovation not as comprehensive as for light weight constructions. 

3.1 Wrong mounting of floor gully
Very often floor gullies are mounted incorrectly, e.g. not embedding the gully in concrete as required, mounting the gully to low in relation to the floor surface or mounting the gully so the lower and upper part of the floor gully is not in line vertically. In all cases the result is that a watertight connection between floor and floor gully is not ensured as the main watertight barrier is destroyed. Examples are shown in Figure 2 and Figure 3. 


		
Figure 2. A) Floor gully removed from a fitness centre (in a shopping mall) with harsh exposure. It is seen that the floor gully was not entirely embedded in concrete as required. Instead it was attempted to make a watertight connection only with a collar and a membrane. This was not sufficient - especially not in a harsh environment with exposure of water throughout the day.B) The gully seen from the underside before it was removed. Water was leaking through the joint between gully and floor resulting in expensive damages to goods and furniture below as well as expensive repair works.




Figure 3. Floor gully mounted before the plywood floor resulting in a weak connection between gully and floor (not possible to make a sufficient mechanical connection). Besides it is not possible to make a suitable and safe connection with a watertight membrane/collar between plywood and floor gully. The result was cracks in the tiles due to dimensional changes in the plywood which became wet due to water penetrating through the connection between gully and plywood.
3.2 Unsuited/wrong floor gully used
In some instances it is seen that unsuited floor gullies are used, e.g. a gully intended for embedding in concrete is used in a board floor or a gully intended for tiles is used for PVC floor covering. If the floor gully is not intended for the actual use it is hard or even impossible to make a safe and watertight connection, e.g. it is a prerequisite for using PVC floor covering that the gully is circular in order to bend the PVC down in the gully (and ensure the connection with a clamping ring). For floor constructions made from plywood or chipboard it is similarly necessary to make a good mechanical connection between the board and the gully; this is achieved by using a floor gully with a flange which is recessed in the board and attached with screws. 


Figure 4. Floor gully intended for ceramic tiles used for PVC floor covering. The PVC cannot be bend down into a quadratic gully and in this case the PVC has further been cut around the frame i.e. no watertight connection.
3.3  Gullies at renovation
By far most problems are seen in renovation projects e.g. where new bathrooms are installed in old buildings, old bathrooms or toilet rooms are expanded or simply new floor coverings are installed. At the same time the old buildings are in general more vulnerable to damages caused by ingressed water as they more often than not are made with a large amount of organic materials e.g. wooden beams.

In connection with renovations it is often tried to maintain the old floor gully in order to reduce the costs. This is no problem if only the floor covering is changed with a new of the same type but might be a problem e.g. if the floor construction is changed or if a PVC floor is changed to a tile floor. It should be born in mind that often the floor to be renovated is no longer watertight (or the watertight layer e.g. terrazzo is removed during the renovation).

By renovation the floor construction is quite often raised by application of a screed on top of the existing floor or it is applied simply to level out an old substrate e.g. for a terrazzo floor. If the original floor gully is maintained and extended upwards there is a considerable risk that water will penetrate into and through the construction, cf. Figure 5. In the case with terrazzo it is common to remove the terrazzo before applying the screed and the construction underneath is rarely watertight. 


		

Figure 5. An old floor has been renovated with a screed and the original floor gully has been maintained (seen 100 mm below the floor surface). The floor gully is close to the wall and a horizontal pipe on the wall making the execution of the work difficult and further a pipe is introduced in the screed (see lower right corner). On the picture to the right is seen water penetrating to the underlying flat due to lack of watertightness around the gully (easily achieved by testing where the gully is blocked and water is poured out on the floor for a period in order to establish a small head of water).

For PVC floors that are changed to tile floors the circular floor gully is not suited to receive a floor tile and consequently screed or extra frame(s) are placed over the original gully to make it suitable for the tiles, cf. Figure 6.

		

Figure 6. Left) Floor gully of cast iron originally modified (but not made for it) to be used with a PVC floor covering later further changed to be used with ceramic tiles. Note the nail (arrow) between PVC and tiles. Water penetrated to the flat underneath (tested same way as described in Figure 5). 
Right)  Original gully for PVC flooring modified to floor tiles by adding supplementary frames. It is easily seen that the joint between gully and frames are not watertight – neither are the joints between the individual frames.

Also in renovation projects it is quite normal that restrictions apply as regards the position of the gully e.g. due to a stack pipe or pipes under the floor in the underlying flat that cannot be moved. This might result in mounting of floor gullies very close to adjoining walls which makes it difficult to make good and safe connection between floor and floor gully, e.g. it is very difficult to pour concrete satisfactory around a floor gully placed up against a wall. 

3.4  Pipe penetrations
Most often problems with pipe penetrations are due to the fact that no attention is paid to make the penetration watertight, cf. Figure 7. Another common problem is that pipes, e.g. pipe stacks are exchanged and the floor is not closed sufficiently afterwards where for example watertight membranes are destroyed during the repair work.

		

Figure 7. Pipe penetrations in bathroom floors where obviously no attempt have been made to make the penetrations watertight. Left) Pipe in pipe system where the outer pipe is normally used to report any leaks in the inner pipe. Here it is of no use as it is guaranteed to be filled with water.
Right) Penetrations in a bathroom floor made from chipboard which makes the construction very vulnerable to exposure of water as ingressed water will deteriorate the chipboard.


4  MEASURES TO IMPROVE SERVICE LIFE

As the number of problems is great and the damages resulting from leaks are normally very expensive different measures to improve the situation have been taken during the years.

The requirements to floor gullies are stated in the Danish Standard "Code of Practice for Sanitary Drainage - Wastewater Installations". The main requirements as regards the mounting are:
	the floor gully is an integrated unit and might include a trap (to avoid smell from the wastewater system)
	no water must be able to penetrate from the gully to the surrounding floor construction
	the top of the floor gully must be at the level of the floor surface
	the floor gully shall be easy to clean  

As it can be seen from the standard it is not allowed to modify/change floor gullies i.e. very often it is a prerequisite that the floor gully must be changed in connection with renovation projects. Also the standard requires that the gully shall be easy to clean i.e. the risk for flooding of water and thereby also for water penetration is minimised.

In SBi direction 200 “Wetrooms” further requirements are given to the position of the floor gullies. The rules are now that the edge of the gully shall be at least 150 mm from neighbouring walls etc. This requirement is intended to ensure good working conditions, e.g. making it possible to pour concrete around the gully or making it practically possible to bend a PVC floor covering down in the gully. Similarly the direction has requirements to the position of pipes from walls etc.  

During recent years a new type of floor gullies – so called “designer gullies” have been introduced on the market. These gullies are meant to be placed directly against walls or in corners, cf. Figure 8. These gullies have been rather popular. In order to ensure the watertightness a good design and good workmanship are crucial. In Denmark these gullies are normally approved. So far approvals have been national and issued by ETA-Denmark (national approvals are in Denmark designated MK-approval i.e. approval of materials (M) and constructions (K)). 



Figur 8. A socalled “designer gully” intended for use against walls (or for other models corners). They have the advantage that the floor might be plane (but with a slope) but the disadvantage that the position set requirements to the design and workmanship to ensure a good performance i.e. watertightness.

Approvals are issued on basis of a full scale testing. The method used is a modified version of the method used for testing of watertightening kits. The method was originally developed as a Nordtest method (Nordtest Method 230, "Bathroom floors - watertight​ness", 1994). It is an accelerated test with exposure to mechanical loads, humidity changes and cycles of hot and cold water. The exposure was chosen to simulate exposure under use conditions but with tougher extremes i.e. the testing is intended to show whether the mounting and the floor gully itself is able to resist in-use conditions under a long period of use.  It can not be said how much the testing accelerates the real life exposure as this very much depend on the actual use i.e. whether the gully is used in private home or in a fitness centre.

During the past years an EOTA (European Organisation for Technical Approval) working group has been working on a European Technical Guideline (ETAG 022) for waterproofing of wet rooms.  The work is currently under finalisation [EOTA, 2007].  In the guideline the above mentioned method has been further developed and in the future ETAs are expected to be issued under similar conditions as the Danish national approvals. 

Other efforts to improve the situation is education of architects, engineers and craftsmen including post education courses and issuing of easy to read material about problems with gullies and how they can be avoided.


7  DISCUSSION

The workmanship is crucial for a good result. Even a good product/system is worth nothing if not installed properly. In Denmark the most common problem as concerns penetrations is probably that the importance of the watertightness is not taken seriously enough. Consequently the work is not always done with sufficient care. This calls for a quality control of the work best performed by the contractor himself and followed up by an independent body.  

In Denmark a voluntary control scheme has so far only been used for works with PVC floor and wall coverings used as watertight membrane. For PVC works the contractor – actually the individual craftsman – controls his own work. This is followed up by independent surveys of randomly chosen bathrooms. The control scheme has led to a significant improvement of the quality of the work.

The increased requirements introduced over the past years have proved to have a good effect as the number of problems has been reduced significantly.  Contributing to the reduced number of problems is also that a huge effort to teach consultants and contractors about the importance of good design and workmanship has been fruitful.  Today most architects, engineers and craftsmen are very much aware that bathrooms constructions and especially gullies and other penetrations are complicated and require special attention.

It is believed that extended service lives can be achieved if 
	the details around floor gullies and pipe penetrations are (better) described and – if necessary – tested for watertightness after completion,
	design as well as execution are brought under quality control with focus on watertightness and workability,
	the contractor is trained in being more aware of the importance of good workmanship.
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